Abstract. This paper describes the development status and main problems of load monitoring, introduces the key technologies of load monitoring, and by using a load state monitoring system, emphatically illustrates a detection algorithm for abnormal state of the secondary load of the current transformer on the three-phase line of the power grid. The algorithm mainly achieves the real-time detection of abnormal state such as disconnection, short connection and series connected semiconductor. In the light of this algorithm, the working principle is explained, the model formula is worked out, and the state criterion is given. The load condition monitoring system is debugged, put into operation and tested in the pilot operation, and the results show that the algorithm has a good effect.
Introduction
With the development of national economy, electric energy has become an indispensable energy source in daily production and life. However, abnormal state of the power load in our country is common and serious, which brings huge economic losses.
The combination of key technical measures such as network technology, sensor technology, communication technology, and information technology makes load monitoring of our country change from conventional passive way to all-weather, all-round, real-time active and intelligence way.
At present, load monitoring is divided into two types of intrusive and non-intrusive [1] [2] . In the past, intrusive load monitoring was used, that is, sensors and other information acquisition devices which are installed at the load to obtain load information. As the market of load monitoring is increasingly expanding, non-intrusive load monitoring (NILM [3] ) is proposed and widely concerned which is compared with the traditional intrusive [4] [5] . The installation of information acquisition devices is at the entrance of the monitored power area to obtain load information, such as current and power. Based on these, the situation of each load in the area is analyzed. Compared with intrusive load monitoring, non-intrusive load monitoring has the advantages of simple installation, good economy, high reliability and easy to popularize [1, 6] , and is suitable for independent user installation mode [1, 7] .
In order to discover and deal with abnormal state of the secondary load of the current transformer on the three-phase line of the power grid (usually including disconnection, short connection and series connected semiconductor), the load state monitoring system is developed to make up for the lack of existing measures. The load state monitoring system ensures the normal operation of the power grid, so that non-intrusive load monitoring is achieved smoothly.
According to the requirement of load state monitoring system, a detection algorithm based on analysis of self oscillation and AC current harmonics is studied to identify the abnormal state of secondary load by using FFT signal processing technology and impedance model of the secondary load. The algorithm is small in complexity, the identification state is accurate and the validity is verified by practice, so that the load state monitoring system achieves real-time, accurate, intuitive and comprehensive monitoring of the secondary load state.
Description of the detection algorithm

Detection principle of disconnection, short connection
A resonant circuit is constructed by using isolated magnetic couplers and capacitors, which is incorporated into the secondary load circuit for forming self-excited oscillation.
Self-excited oscillation is the basis for detecting abnormal disconnection and short connection. These abnormal states of the secondary load will show the abrupt change of the secondary load impedance, and this change will be directly expressed as the change of selfexcited oscillation frequency. This self-excited oscillation frequency becomes high in short circuit and it becomes low in open circuit.
If the measurement accuracy of this frequency is strictly required, the detection of the abnormal disconnection will become a problem. Therefore, it is necessary to inject an AC signal with the appropriate frequency band to assist identification, and the corresponding signal pickup circuit is also needed.
Analysis of temperature compensation during open circuit and short circuit
In the practical application, it is found that the isolated magnetic coupler for self-excited oscillations has a temperature characteristic which affects the self-excited oscillation frequency, because the permeability of isolated magnetic coupler core material will change greatly when the ambient temperature changes.
In this case, the temperature experiment of the highprecision liquid bath was completed for the isolated magnetic coupler composed of MnZn ferrite and ultramicrocrystalline (nanocrystalline). In this experiment, the temperature was kept stable for half an hour at different temperatures, and changes in the parameters was measured by the standard LCR tester. LCR tester measurement model: Ls-Q (series equivalent), the test level is 1V.
The parameter of the corresponding magnetic core inductance is leakage inductance in short circuit, and it is self inductance in open circuit.
When abnormal disconnection or short connection is happened in the secondary load circuit, the temperature characteristics of ferrite material parameters are shown in Figure 1 or Figure 2 . The curves of 5, 15, 20 and 30 in Figure 1 and Figure 2 show the values measured at the test frequencies of the LCR tester (5kHz, 15kHz, 20kHz, and 30kHz, respectively). When abnormal disconnection or short connection is happened in the secondary load circuit, the temperature characteristics of ultra-microcrystalline material parameters are shown in Figure 3 or Figure 4 . The curves of 5, 10, 15 20, 25 and 30 in Figure 3 and Figure  4 show the values measured at the test frequencies of the LCR tester (5kHz, 10kHz, 15kHz, 20kHz, 25kHz and 30kHz, respectively). The characteristics of ultra-microcrystalline material parameters are shown in Figure 3 and Figure 4 :
-high permeability, small leakage inductance; -almost linear variation with temperature; -the slope with the change of temperature is small (relatively gently).
Thus, different temperature compensation methods should be given for different coupling element material characteristics, and for ferrite should be segmented compensation, whereas for nanocrystalline only linear compensation is needed.
The temperature compensation is realized by the curve fitting method based on the least square principle, The regression analysis model is constructed by linear equation and polynomial.
Detection principle of series connected semiconductor
The semiconductor described in this paper refers to the diode. Due to the unidirectional conductivity of the diode, the load current changes from the pure AC signal to the pulsating DC signal after the semiconductor is connected in the secondary load circuit.
The key to the detection algorithm of series connected semiconductor is how to calculate and analyze the waveform characteristics of the secondary load current in the abnormal state by using sampled series current data.
Fourier spectrum analysis is the key to the analysis of the load current waveform in the abnormal state of series connected semiconductor [8] .
According to the Fourier transform [9] :
In formula (1):
In the generalized the Fourier transform, the upper and lower bounds of the integral cycle should be -∞ ~ + ∞, but only ξ 1 is used, because it is no necessary to consider the effects of subharmonics and non-integer harmonics, and the calculation is convenient. ξ 1 is the minimum integral cycle, of course, you can also take an integer multiple of ξ 1 .
Further solving vector ( (2) is formed.
In order to express the relationship between science between quantity and degree, and convenient program portability, engineering calculation will usually be normalized to the number of numerical and harmonic content into a normalized value, then processing. In order to scientifically demonstrate the relationship between quantity and degree, and facilitate the transplant of the program, many numerical values are usually normalized in engineering calculation, that is, the above harmonic content is converted to the per-unit value, and then processed.
Due to the similar "fingerprint" feature of such harmonics is fixed at the ratio of the even harmonic spectral density (except the fundamental wave), the ratio of the adjacent even harmonic spectral density can be used to confirm "Fingerprint" features of current harmonics in the abnormal state of series connected semiconductor. Since the higher harmonic content is usually very small, and the cost of the system sampling rate and calculation is high, the lower harmonics areIn formula (3), (4), (5) If the formula (2), (3) are true, and the equation (1) is false, it is detected that there is the half-wave direct current component in the primary current of the current transformer on the three-phase line of the power grid.
Note: In formula (1), 42.44% is the maximum value. When there is a part of the DC component, the value of this item will be small or even close to zero.
Saturation analysis of magnetic circuit in series connected semiconductor
In the practical application, it is found that when the secondary load circuit is greater than a certain value, the core of the current transformer on the three-phase line of the power grid enters the saturation state; when the secondary load circuit is greater than a larger value, then it enters the deep saturation state.
After the semiconductor is connected in the secondary load circuit, the effect of magnetic saturation caused by the DC bias is shown in Figure 5 . At this point, parameters of the current transformer on the three-phase line of the power grid: the change ratio is 150: 5; the maximum secondary load is 5VA; the accuracy level is 0.2S.
The measured current in Figure 5 is the measured value obtained by CPU processing after sampling the secondary load current with an analog-to-digital converter. The input current is the actual value of the secondary load current. After the semiconductor is connected in the secondary load circuit, the current waveform varies with the secondary load current as shown in Figure 6 , Figure  7 , Figure 8 , and Figure 9 . -When the current is less than 2A, the current waveform basically conforms to the ideal half wave model. Among them, the half wave in Figure 6 should be the closest ideal (the bottom of the half-wave is flat), the bottom of the half wave in Figure 7 appears linearly tilted, and the bottom of the half wave in Figure 8 appears nonlinear tilt.
-When the current is greater than 2A, the distortion of the current waveform is exacerbated, as shown in Figure 9 .
-Because the saturation of magnetic circuit leads to the nonlinear transmission of signals, the current waveform is no longer the superposition of a DC component and even harmonic components, in which odd harmonic components are added.
In order to balance the function and cost, the core saturation of the current transformer on the three-phase line of the power grid is difficult to avoid. In this way, the criterion for detecting the abnormal state of series connected semiconductor can not simply depend on the ratio of adjacent even harmonics. It needs to be combined with the distortion of a certain number of harmonic components.
Conclusion
This paper studies a detection algorithm for abnormal state of the secondary load, as the core part of the load condition monitoring system to ensure the normal operation of the intrusive load monitoring.
The advantages of the algorithm are as follows: -The algorithm provides a more practical criterion, and the corrective measures are given in combination with the effects of ambient temperature and magnetic saturation.
-The algorithm has low computational complexity and short calculation time, so it can meet the requirement of real-time.
In addition, the algorithm is simple, effective, stable and easy to maintain.
